Description 

Apparatus and process for annealing a multilayer body, and 
multilayer body of this type 

The invention relates to an apparatus for annealing a multilayer 
body, which has a first layer and at least one second layer, 
through uptake of a quantity of energy by the multilayer body 
involving uptake of a first partial quantity of the quantity of 
energy by the first layer and uptake of a second partxal 
quantity of the quantity of energy by the second layer, havxng 
at least one energy source. An apparatus of this type is known, 
for example, from EP 0 662 247 Bl. As well as the apparatus, the 
. invention also proposes a process for annealing a multxlayer 
3 body and a multilayer body of this type. 

A multilayer body is produced, for example, by applying a 
functional layer to a substrate layer. To ensure that the 
functional layer and/or the substrate layer has a desired 
0 physical (electrical, mechanical, etc.) and/or chemxcal 
property, under certain circumstances it is necessary for the 
multilayer body or the layer and/or the substrate layer to be 
processed. The processing comprises, for example, annealing of 
the multilayer body in the presence of a gas (process gas) . 

A multilayer body is, for example, a large-area thin-film solar 
cell in which an electrode layer comprising molybdenum and a 
functional copper-indium-diselenide (CIS) semiconductor layer 
are applied to a substrate layer of glass. This thin-film solar 
30 cell is produced in a two-stage process according to EP 0 662 
247 Bl. in a first stage, the following elements are applied xn 
layer form, in order, to the glass substrate layer : molybdenum, 
copper, indium and selenium. In a second stage, the multxlayer 
bod y obtained in this way is annealed, leading to the formatxon 
35 of the copper-indium diselenide semiconductor layer. 

For annealing, the multilayer -body is arranged in a closed 
container made from graphite. During the annealing, a defxned 
partial pressure of gaseous selenium is formed in the interior 
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25 — • ~v ctrnrture of the multilayer 

On account of an asymmetric layer structu " supplie d to the 

top side and the inhom ogeneous, i.e. non-uniform 

nesting rate may lead multilayer bod y. Temperature 

30 annealing of the layers thicknes3 dlr ection of the 

inhomogeneity may form in * expansion of 

m ultilayer body ^^0. lead to mechanical 

a material of a ^ mul tilayer body. This 

stre ss within the layer mult ilayer body 

35 mechanical stress may cause the laye lead to 
to crack or fracture. The mechanical stress m y 
d eformation (distortion, of the multilayer body. x ; -he 
a substrate layer made from glass the def ^ 
transient, i.e. disappears again after de£orma tion 
40 deformation may also be permanent. In this 



in This is the case if a softening point 
does not disappear again This excee ded during the 

° f ^ern rr.elUrUress and/or an external 
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<= invention to demonstrate how temperature 

It is an object of the invention deliberately 
homogeneity or temperature ^^7^.^^^ body 
5 influenced during the annealing of a large 
with a high annealing rate. 

*h«. obiect the invention proposes an apparatus for 
To achieve the object, rne and afc 
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40 
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The ,ea of the — „ consists in in^uaUV 

To a quantity of energy is determined with the aid of a 

conceivable for the energy sources to be pres t «^ £ « 
„ y , nature of the energy, -to , ^ 

heating of the payers ^ ^ 

heating rates of 1 C/s up to me chanical 

under certain circumstances during the annealing. . 

The basis for this is the transparency body, which is optically 
transparent. T he transmission — ' ^ 

defined wavelength between 0.1 and u.a, 

ictromagnetic^radiation described above to pass ~ -e 

: — , i _ i,,, or The layer can taKe uj~> a 

transparency body onto a layer. me x<*y 

corresponding guantity of energy or partial guantity of the 
guantity of energy which is emitted directly from the energy 
source. 

However, the transparency body also has a certain absorption for 

the electromagnetic radiation. The energy which is thereby taKen 

up may be emitted to a surrounding area in the form of heat 

radiation and/or heat conduction. In a particular 
radiation anu, . ti ,.„„ bodv has a transparency 

Zr^Z^T^^^Z in the direction of the 

rja b o d y - «io n - «- 

radiation. In this way, it is possible to anneal a layer by 
radiation and/or heat conduction. 

It is also conceivable for a first layer of the multilayer body, 
h i h transmits the heat radiation, to be annealed -^"txaUy 
" bv the heat conduction, while a second layer of the same 
lultilayer body is annealed substantially by the heat radiation 
Trom the same transparency body. A first layer which exhibits 
orresponding transmission is, for example, a layer comprising 
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alass If electromagnetic radiation from an energy •°™~«*'" 

small proportion of the r thro ugh the 

reflected. ,0,, of the « d.atron ^ » ^ _ . 

5 glass more or less «•» this radiation ca n be 

second layer of the multilayer y, n by 

ebsorded and can lead to a g an ty of .n ,y^ ^ 
this second layer. ±ne y 

su££ici ently guickly by radiation «^ -J 
10 raonIet:\y r tat\Urtr'if r9 r i transpIrenoy body is able 
to taT : P a" partial guantity of the guantity of energy and 
transmit it to the glass layer. 

gn which the transparency body itself is a layer 
15 Th e sxtuatxon xn whxch the P The transpare ncy 

:\ th ljT a Tll\ tial Entity of the guantity of energy 
body can K tak % U ^ a of P Dart Qf the electromagnetic radiation and, 
through absorptxon of part of ^ ^ q£ 

by transmxssxon, can pass on a ™ntlt7" to^be 
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by transmxssxon, - - — ~ ""nt-Ttv to be 

guantity of energy in order for this partral quantity to 

taken up by a further layer. 

In a particular configuration, a multilayer 

lay er functions as a su bstrate layer fo ^ east^ ^ ^ 

-uilr r-e tl —e^^of — the 
mnitilaver body comprises a substrate idy 

"e * individual layers of the multilayer body may also be 
arranged next to one another. 

in a particular configuration, one layer of the multilayer body 
tinier! material which is selected ^ ^roup consrs ^ 

suitable plastxc is m F me tal 
5 as Teflon. One layer is, for example, a metal 
foil may also function as a substrate layer. 

- — n r riptioi: r^i 

bv a layer is dependent, for example, 
Y „f the layer. However, xt xs also 

0 and/or reflection property of the xayer 



of the energy source and on the way in 

dependent on the nature of the en ««. the mu itilayer 

of enerctv is transmittea w 

which the quantity of energy annealing of the 

- - i.ver of the multilayer body. The anne* y 

body or to a layer of example, with the 

multilayer body or of a layer takes p . be 

aid of an energy source for the 7 r 1 ec e ; i e ; gy Hea r ra diation, heat 
supP lied with the ^ ^ 

conduction and/or convectxon are s * lta source itself 

this, in the case of Keat ra dl t o n J ^ ^ 
may be a source of heat radiat wavelength range 

between 0 . 7 and 4 . b um v the energy source. The 

tr/er-S - -A partially absorbs the electromagnetic 



3 radiation. 



25 



it is al=o possible for a layer to be supplied with any 
However, it is also p converte d into thermal energy in the 

desired energy, which is conv .ted ^ high . ener , y 

the process can be converted into thermal energy. 
A s -ell as heat radiation 

possible for a layer c . the entrre ^ ^ ^ 

Tal wh h g'moed ast may simultaneously .unction as process 
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T.ver can also be cooled by heat conduction and/or 
Moreover, a ^ ^j) ve thermal energy is supplied to 

mechanical-stresses in the multilayer body. 

4.- „ .hpre is an energy transmitter 
In a particular configuration there i body . 

for transmitting the quantity of energy 



■n-.r functions as a secondary energy source. 
T he energy ^J^., by way or example, 

irecrr-Ie^c-^Uon from a primary « ■ ^ 

by the layer. 

At , direct vicinity of the multilayer body can 
The indirect and/or direct vicin y annea ling. It is 

, function as energy transmitter during th 

conceivable for an energy transmitter to be arrang 
mu ltilayer body which is to be annealed i , a ^« * 

„„„, transmitter may also be arranyeu 
a contarner. The energy tr con tainer or at a 

th e container, for example on a wall °* f ^ ^ enetgy 

5 distance from the contarner It « o£ example , 

transmitter to be a coating of the contarner By 

the energy transmitter may be a graphite filn. It . 
possible for the -"^^ J^a, for example, 
transmitter. * ^ graphite. finally, the 

2 „ in the case of _ . ot her than an energy transmitter . 

"e^ ^at -en 0 transmitting energy through convection, 
acts as an energy transmitter. 

u-„h <. taken up by the multilayer body 
25 A guantity of energy which rs taken , up y _ 

m ay differ not only from layer to layer but ^ 
By way of example during the ann al n a edge ^ ^ ^ 
the multilayer hody or . . f _ ^ inner 

regl on of the layer annealing , . lateral temperature 

30 regron of the layer 9 ^ if , 

gr adient ^established. ^ in „neous. In this 

radiation field of the energy surface 
case, an energy density of the ° not ident ical 

throu gh which the r= n is _ also be 

35 everywhere. Lateral tep homogeneous, if a 

established when «-J^^^L- is absorbed at the 
ater guantity of energy P . ^ ^ ^ a rea per 
edge of a layer, on a temperature gradient, it is 

unit volume. To compensat « uh 9 ich compr ises a 

, , 1 _ pyamnle, to use an eneiyy w 

40 possible, for example, 



an energy source of thrs type element is a 

individ ual .eater events . An ex e of a heat^ ^ ^ 

ha logen lamp. The *™l?^"^^ Xm In this way, .it would 

latera l - n :;iT ibera Y t ely produce permanent or 

be possxble, for exampl & ^ matrix is 

transient deformatxon of the layer y annealing of a 

hiqhly advantageous in particular for tn 

9 • w„v, lawra lie next to one another, 

multilayer body in which layers lie ne 

energy sour c. or sources p ^ ^ ^ utJ „ f 

' axso co.ce, £1. fo the energy = ^ ^ ^ ^ 

energy or the partial q or d mode . An energy 

available to the layers in a oy - 

ource with 

source of this type ^ is fo r < .am pi. . » - « q£ 

0 :r b rr;r d rr: ,,,, — > . 

temporal sequence (e.g. alternately). 

The following properties of the energy source for 
' electromagnetic radiation are particularly advantageous. 

T - and sp :ri: =r r^r::' 

transparency body ana Ui ■. . 

30 (cf- below). energy source is 
• In the presence of a process y 

distant to and/or protected from c ° rr °"° n . „ hich is 

. Th e energy source has a high ener yje «t, ^ ^ 

35 I^rte-hr^^Ualner, to he heated with a heating 
rate of over l°C/s. 
In . par ticular =onf rguratio. the traus „ .c^e 



40 



8 



r he taken up by the multilayer body. By way o£ 
° £ Teethe layer by Jans of which the multilayer body rests 
example, the layer by annealed primarily by 

on the transparency body or the sp 

homogeneous thermal radiation Ir > thrs form P 
preferably includes a materral whrch has a lo 
absorption for the electromagnets radra ,o» A spacer p , 
bey ond a surface of the transparency body, .or example y 



\xm to mm. 



Th e layer resting on the spacers may also b e annealed p imarily 
through heat conduction. For this purpose, the spacers have for 
Lie a thermal conductivity which is required in order to 
example, a tnermai conceivable 
achieve the corresponding annealing rate. It is a 
rrthe spacer, in order to transmit ^ energy by heat . conduct ron, 

^ r^rn rromTn r::: ^0—10 radiatron 
being efficiently converted into thermal energy. 

t navicular the transparency body has a multiplicity of 
in P.rti«lar, t rault iplicity of spacers which are 

. ~* hhe lateral temperature distribution, 

achieve homogenization of the lateral temp 

25 In a particular configuration the trahs = 

spac er includes a materra wh.h rs^sele^ _ 

consisting of glass anu/ui y 
various advantages: 

■,n .It can be used for annealing within a wide temperature range 
from fS example, 0*C to, for example, 700°C. 
has! by way of example, a softening point which Ires above the 

. HalT""- coefficient of thermal expansion. Xt is able 
35 to withstand 7 thermal shocks and is free of distortion wrthrn 
the abovementioned temperature range for the -nealrng^ 
. It is chemically inert with respect to a wrde range of 
chemicals and is relatively impermeable to these chemrca Is. A 
chemical of this type is, for example, the process gas to 
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which a layer and/or the entire multilayer body is exposed 
during the annealing. 

It is optically semitransparent in the spectral region of 
numerous energy sources for electromagnetic radiation, in 
particular in a wavelength region in which a radiation density 
from the energy sources is high. A radiation source of this 
type is, for example, a halogen lamp with a high radiation 
density between 0.1 and 4.5 urn. 

Glass, in particular quartz glass, are also conceivable for use 
as materials for the transparency body. The advantage of glass 
is that it can be used at high temperatures of up to 1 200 C. 
These materials have a high transmission and low absorption in 
the spectral region of an energy source in the form of a halogen 
lamp. The light passes through this transparency body 
substantially without obstacle and passes to a layer with a 
corresponding absorption for the electromagnetic radiation, the 
layer taking up a quantity of energy and being heated. The 
transparency body is scarcely heated by the radiation. 

in one process application, it is possible for material of the 
heated layer to be evaporated and deposited on a relatively cold 
surface of the transparency body. To prevent this, it is 
possible to ensure that the transparency body is heated to a 
required temperature during the annealing. This is achieved by 
transferring a quantity of energy to the transparency body by 
heat conduction and/or convection. Electromagnetic radiation 
which the transparency body absorbs is also conceivable. It is 
conceivable for the transparency body to have a coating which 
absorbs a certain proportion of the electromagnetic radiation. 
The energy which is taken up as a result can be transmitted to 
the transparency body made from glass or quartz glass. In this 
form, the transparency body, comprising the glass body with the 
coating, is optically semitransparent and can be used to 
transmit energy to the multilayer body both by heat radiation 
and by heat conduction. 

in a particular configuration of the invention, at least one 
layer can be brought into contact with a process gas. It is also 
3 conceivable for the entire multilayer body to be exposed to the 
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process gas is an inej.>- y 1 aver 

j «, nnt- rpact with a material of the layer. 

r rr^n-ii — . ^^1 «* 

i' S a l tonceLble. The functional layer for m s under the 
^ 11 n of the process gas. B y way of example, th. process a 
has a n o«,, or reducing "'ion -it. ^.P.* to • «t.« 



^X. a.^^u^j-"-3 

of the l.yer. Possible process cases for this purpose are 
yg t chlorine, hydrogen, elemental selenium, sulfur or a 
I I h It mav also be an etching process gas, such as HC1 or 
tlfltke. Further examples of the process gas are H.S and H.Se 
15 J i are used for the production of a thin-film solar cell <cf 
" belou) . Finally, all gases or gas mixtures which react 
raa terial of a layer in a suitable way are concervable. 

It is advantageous if the layer is exposed to a definec > process- 
20 ^ atmosphere. The defined process-gas • tm osp ere co ; pr ses, 

for example, a partial pressure of the process gas y 
tor exarapj-e/ f lso conceivable 

r:^;m^iiyer°L:rr; r n ^ „ ltt ™ 

in order for annealing to be carried out. 

25 A defined process-gas .^^^^^^ 
by guiding the process gas past the layer at a oartial 

n„„ orocess gas with various partial 

During the annealing, a process g conceivable for 

pressures can act on the layer. It is also 
30 various process gases to be in contact with the layer 
layer body in succession. 

»r least the layer which is in contact with the 

Preferably, at least tne iay ,. . fnr pxamD i e by 

nrocess gas is enclosed. This is achieved, for example by 

process gas possib le for the sheathing to be 

^ recureHo the substrate layl T he sheathing is filled with - 
in the process concentrated on a surface of the layer 

rooertiL are to be influenced by the process gas. In this way, 
properties are to surrounding area from being 

possible to prevent a surrounaxny 
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™ This is particularly important 
contaminated by the process gas. This P it is 

hBn usina a corrosive and/or toxic process gas. Moreover, 
when using a . ^ . m ,, nHtv Q f process 

t-n ooerate with a stoichiometric quantity or y 
possible to operate wxu lavpr There is no 

g as which is required for conversion of the layer, 
unnecessary consumption of process gas. 
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Tn a particular configuration o£ the invention, there 
container for holding the multilayer body during the annealrng. 
The transparency body is in particular a wall of the container^ 
The transp j artva ntaae that it automatically forms the 

10 The container has h ° J entire multilayer body. The 

sheathing of the layer or c multila yer body. In 

sheathing does not need to be secured atmosphere 
fh . case of a closeable container, the process gas a p 
can be set specifically and easily. In particular, for this 
15 purpose the container has at least one gas opening for 
15 purpose rne nA/nr . f miner of the container with 

evacuation of the ~~^J^Z,, the ga s opening is 

atmosphere can be set actively. The gas opening can also be use 
20 in order to fill the container with any desired gas, for example 
a purge gas. The process-gas atmosphere may also be set 
adjusted during the annealing. 

To specifically set the process-gas atmosphere, however, it is 

ZZ^Z^ a homogeneous d .ucible distribution 

:^ca!™abrshT;as a d=ge i :rom the container Thi 

■ „j fnr example, if annealing is carried out at a 
on maw hp reauired, tor ex^upic, j-j- 

very high heating rate. In this case, the process gas expands^ 
If the container is unable to withstand the gas pressure which 
as a result, the container will be deformed or even 

yed. ^ <~ 

- — i£ r den 1 :r \n. i^L™;vrj:^ 

container. As descriDea *uu , ml ,ltUaver 
lead s to lateral temperature inhomogeneity in the multilayer 
body, with the corresponding consequences. 
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Moreover, the container may be means for conveying the 
multilayer body during the annealing. The container has the 
advantage that, during the annealing, it is not possible, for 
example, to rule out the possibility of a layer (substrate 
5 layer) of glass breaking. In the event of a substrate of this 
type breaking, the broken material can easily be removed from an 
installation for annealing the. multilayer body. This contributes 
to stabilizing the process in the annealing installation. 

10 in a particular configuration, the wall of the container which 
includes the transparency body is a cover and/or a base of the 
container. By way of example, one layer of the multilayer body 
rests directly on the transparency body of the base. As 
described above, the transparency body may have spacers. The 

15 cover likewise includes the transparency body which, by way of 
example, is not in contact with the multilayer body or a layer 
of the multilayer body. In this way, the layer of the multilayer 
body which rests on the base can be heated by heat conduction, 
and the layer which faces the cover can be heated by heat 
20 radiation. The layer facing the cover can easily be exposed to a 
process gas. 

However, the cover of the container can also be characterized by 
high absorption of the electromagnetic radiation which is 
25 emitted by an energy source. 

in a further configuration, the base and/or the cover of the 
container is formed by in each case at least one multilayer 
body, in this case, the layer of the multilayer body which, for 
30 example, is to come into contact with a process gas is directed 
into an interior of the container. This solution is possxble xf 
the multilayer body or the layers of the multilayer body have a 
low coefficient of thermal expansion and/or the annealing rate 
is low. In the case of a high annealing rate, the multiplayer 
35 body advantageously has a substrate layer with a hxgh 
coefficient of thermal conductivity. The substrate layer xs 
directed outward. By way of example, in this case the substrate 
layer is a transparency body as described above. 
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With the container, the apparatus is suitable in particular for 
carrying out the annealing in an in-line process with vanous 
process stages which are carried out in different process zones. 

5 in the in-line process, the container can be conveyed either 
~ continuously or discontinuously . In the case of the continuous 
in-line process, the material being processed or. the processing 
container is moved through the processing installation 
throughout the entire passage. The discontinuous or indexing 
10 mode of the in-line process is characterized in that the 
processing box or the material being processed is movxng only 
during its transfer from one process zone into the next, 
remaining in the process stage until the sub-process has been 
concluded. In this case, it is advantageous for the transfer 
15 time to be as short as possible when compared to the resxdence 
time. The material or box is then conveyed onward into the next 
process zone, followed by a further residence time, etc. In the 
case of in-line installations which are designed for indexing 
operation, it is advantageous for each process zone to be at 
20 least of the size of a processing vessel, so that the 
homogeneity of a process zone (for example the temperature) can 
be transferred to the material being processed. In a further 
configuration, all the processing zones which are fed by 
indexing operation have the same dimensions, as seen m the 
25 conveying direction. Consequently, simple conveyor mechanxsms, 
such as a conveyor chain, a conveyor belt or pusher conveyxng, 
can be used to simultaneously load and unload, in indexing mode, 
not just one process zone, but rather all adjacent process 
zones . 

By way of example, the multilayer body is placed into the 
container. The container is used to transport the multilayer 
body from process stage to process stage or from process zone to 
process zone. Each process stage, for example heating, cooling, 
35 evacuation or filling of the container, can be carried out xn a 
dedicated process zone. In a first process stage, the contaxner 
is filled with, for example, a process gasT The container can be 
introduced into a chamber which is provided specifically for 
that purpose, where it can be evacuated, filled with a 
40 corresponding process gas and closed. A separate inlet and 
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outlet (gas opening) in the container for purging or filling the 
container with the process gas is possible. This gas opening can 
be connected to a coupling unit and positioning unit in order 
for the processing box to be filled with gas or evacuated. The 
5 coupling unit is used, for example, to connect the container in 
an in-line process, for example in indexing mode, in order for a 
process stage to be carried out at a specific location (process 
zone), to a corresponding unit (e.g. vacuum pump, gas cylinder) 
in such a manner that the container can be filled with the 
10 corresponding gas or emptied. 

in a particular configuration, the container has a coupling unit 
allowing the container to be arranged in a process zone. With 
the aid of the coupling unit, it is possible to hold or position 
15 the container in a process zone. For this purpose, by way of 
example, the process zone likewise has a coupling unit. The 
coupling unit is used, for example, to hold the container at a 
specific location (process zone) in an in-line process for 
carrying out a process stage and to connect it to a 
20 corresponding unit (e.g. vacuum pump, gas cylinder), in such a 
man ner that the container can be filled with the corresponding 
gas or the container can be emptied. The coupling unit of the 
container and the coupling unit of the process zone function, 
for example, according to the key/hole principle. 
25 It is also conceivable for the container to be conveyed from 
process zone to process "zone with the aid of the coupling unit. 

The following process sequence is conceivable: in a first 
process stage, the container is filled, for example, with a 
30 process gas. The container can be introduced into . a chamber 
which~'is present specifically for this purpose, where it can be 
evacuated, filled with a corresponding process, gas and closed. A 
separate inlet and outlet (gas opening) of the container for 
purging and filling the container with the process gas is also 
35 possible, in particular, the gas opening of the container has a 
coupling unit for coupling the container to a coupling unit of a 
process zone. 

This gas opening can be used as a coupling unit and/or 
40 positioning unit. The annealing takes place in a second process 
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stage. For this purpose, the container is conveyed out of the 
chamber into a heating zone. After the annealing has ended, the 
multilayer body is conveyed out of the heating zones into the 
cooling zones in order for a further process stage to be earned 
5 out . 

The conveying in the in-line process takes place, for example, 
by passing a multiplicity of containers containing multilayer 
bodies through the in-line ■ installation in the form of a train. 
10 The entire train is set in motion by the pushing action of one 
container. The containers are moved simultaneously. This type of 
conveying is known as a "pusher drive". In this case, the 
conveying advantageously takes place in "indexing mode". 

15 in a particular configuration, the apparatus is arranged in a 
processing chamber which is selected from the group consisting 
of a vacuum chamber, an atmospheric chamber and/or a high- 
pressure chamber. An entire in-line installation may be 
integrated within the processing chamber. By way of example, a 
20 heating or cooling zone is accessible to the container 
containing the multilayer body through a lock or is separated 
from a further process zone in the processing chamber by such a 
lock. In particular, it is conceivable for there to be a 
plurality of processing chambers, for example a heating zone 
25 with a single-walled processing chamber, a cooling zone with a 
double-walled chamber which is water-cooled. The container is 
used to transport the multilayer body from processing chamber to 
processing chamber . 

30 in a particular configuration, the transparency body and/or the 
energy transmitter and/or the container and/or the processing 
chamber includes a material which is inert with respect to a 
process gas. Moreover, it is advantageous for an entire 
' annealing process area to be inert with respect to the process 

35 gas used. The process area also includes, for example, the 
energy source (primary energy source) . 

The material is selected according to the process gas. By way of 
example, glass, glass-ceramic and ceramic are conceivable. It is 
40 also possible to use a fiber-reinforced material, such as 

16 



carbon-fiber-reinforced graphite. A material such as SiC, whn.ch 
has a high coefficient of thermal conductivity, is also 
conceivable. The container and/or the processing chamber may be 
completely or partially made up of a metal or an alloy A 
plastic which is unaffected up to a defined temperature is also 
possible. 

in addition to being chemically inert with respect to the 
process gas, the following properties are also advantageous for 
the material of the container: 

. The material of the container is free from distortion under 
the annealing conditions. Moreover, it is able to withstand 
thermal shocks. This is the case in particular if it has a low 
coefficient of thermal expansion. 

. The thermal softening point of the material of the container 
is above a maximum temperature reached during the annealing. 

. The container has a low or defined permeability with respect 
to a process gas. 

In a particular configuration, there is a device for detecting a 
measurement of at least one physical parameter of the apparatus, 
which is dependent on the annealing, for controlling the first 
and second partial quantities of the quantity, of energy. 

A possible parameter is an absorption, transmission and/or 
reflection property of a layer. The measurement of the parameter 
is the value of the parameter. By way of example, a wavelength 
of an absorption maximum may be dependent on the temperature. In 
i th i s case, the measurement of the parameter would be the 
corresponding wavelength. 

in particular, the parameter is a temperature of the multilayer 
body. The. measurement is in this case a value of the 

5 temperature. Detection of the temperature of a layer of the 
multilayer body, of the transparency body and/or of the 
container or of a wall of the container is also conceivable. 
During the annealing, it is always possible for at least one 
parameter of the multilayer body and/or of a layer to be 

0 detected. By way of example, the partial quantity of the 



quantity of energy which is taken up by the layer rs -creased 
or reduced on the basis of the detected temperature of a layer 
in this way, temperature inhomogeneity or a temperature gradient 
in the thickness direction of the muXtilayer body can be 
5 avoided. However, if necessary, this temperature homogenerty can 
also be increased. 

By way of example, the device for detecting the temperature is a 
pyrometer which is directed onto the layer. By way of example, 
10 the pyrometer detects the thermal radiation which is emitted by 
~" the layer. The temperature of the layer can be established on 
the basis of the thermal radiation. A temperature detector which 
is connected to the layer and the temperature of which is 
controlled by heat conduction is also conceivable. 

15 It is also conceivable for the temperature of the layer or of 
the multilayer body to be measured not directly but rather 
indirectly. By way of example, a pyrometer is directed onto the 
container in which the multilayer body is being annealed. The 
20 temperature of the container may be influenced 

temperature of the multilayer body. The temperature of the layer 
of the multilayer body can be worked out from the temperature of 
the container. The quantity of energy or the partial quantity of 
the quantity of energy is controlled on the basis of the 
25 measured container temperature. For this purpose, for example 
prior to the annealing, a type of "calibration measurement is 
to be carried out, representing a relationship between the 
measured temperature of the container and the actual temperature 
of the layer or of the layer body. The "calibration measurement 
30 indicates a desired value for the temperature. The actual value 
is detected. A comparison between desired value and actual value 
supplies a control variable for controlling the quantities of 
energy. 

35 The detection (and also the control of the partial quantities of 
the quantity of energy) takes place in particular with a local 
- resolution in the thickness direction of the multilayer body and 
with a temporal resolution within the time frame of the 
annealing. By way of example, the multilayer body is heated at 

0 t:«>r/ c Thpn both the detection and tne 
40 an annealing rate of 25 C/s. Then, ootn 
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control of the partial quantities of the quantity of energy 
would take place so quickly that a temperature difference 
between the layers of the multilayer body during annealxng 
remains, for example, below a prescribed maximum. 

The temperature inhomogeneity in the thickness direction may, in 
combination with a transient deformation of the multilayer body, 
also lead to a lateral temperature inhomogenexty in the 
multilayer body. Lateral means, for example, within a layer of 
the multilayer body perpendicular to the thickness direction. As 
described in the introduction, the multilayer body, during the 
annealing, rests, for example, on a base made from graphite. The 
supply or uptake of the quantity of energy by the layer of the 
multilayer body which rests on the base takes place through heat 
15 conduction. Transient deformation of the multilayer body in the 
form-of bending of the multilayer body may occur as a result of 
temperature inhomogeneity in the thickness direction. In the 
process, the contact between the multilayer body and the base of 
the container which is required for the heat conduction is 
partially detached. This leads to a lateral temperature 
inhomogeneity of the resting layer or of the multilayer body 
Therefore, it is particularly advantageous if there is a local 
resolution not only in the thickness direction but also 
laterally, in order for the parameter to be detected (and the 
25 quantities of energy to be controlled) . 

in one particular configuration, the parameter is a deformation 
of the multilayer body. Deformation may occur as a result of a 
temperature inhomogeneity being present. By way of example, the 
multilayer body is curved concavely. The multilayer body rests 
on the base of, for example, a container. Concave deformation 
results in a distance between the bearing surface and the 
multilayer body forming in the- edge region of the multxlayer 
body. A measurement of a deformation of this type can be 
detected, for example, using a laser interf erometry or laser 
light reflection device. The quantities of energy are controlled 
on the basis of -the measurement. It is advantageous xf the 
measurement is recognized during an early stage of the 
deformation and can be reacted to quickly. 
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For an abovement ioned device for detecting a measurement of a 
parameter which is dependent on the annealing with the aid of an 
optical device (e.g. laser), it is advantageous if the layer 
which is to be examined is accessible to light from the optical 
5 device and a detection signal can be unambiguously assigned to 
the parameter which is to be detected. The wavelength of a laser 
should, for example, differ sufficiently from the thermal 
radiation of the multilayer body. If the apparatus is equipped 
with a container, it would be advantageous if the transparency 
10 body is sufficiently transparent to the light of the laser. 

With the aid of the apparatus, it is also possible to achieve a 
desired deformation of the multilayer body. For this purpose, xt 
may also be appropriate to monitor the deformation during the 
15 annealing in the manner described above. By way of example, xt 
is possible to produce a curved thin-film solar cell. To achieve 
controlled deformation, by way of example the multilayer body xs 
laid onto a corresponding mold or mask. The mold or mask may 
itself be an energy source. The multilayer body is heated to 
20 above a softening point of the substrate layer. As a result, the 
multilayer body adopts a shape which corresponds to that of the 
mask or of the mold. The mask is, for example, integrated xn a 
base of the container. The mask could, for example, be ? the 
transparency body. 
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A second aspect of the invention provides a process for 
annealing a multilayer body which has a first layer and at least 
one second layer, through uptake of a quantity of energy by the 
multilayer body involving uptake of a first partial quantity of 
the quantity of energy by the first layer and uptake of a second 
partial quantity of the quantity of energy by the second layer, 
at least one energy source being used to supply the quantxty of 
energy to the multilayer body. In this process, in particular an 
apparatus as described above is used. The process steps 
35 comprise: arranging the multilayer body between a first energy 
source and at least one second energy source, so that the fxrst 
layer is arranged between the first energy source and the second 
layer, and the second layer is arranged between the second 
energy source and the first layer, the energy source used bexng 
40 at least one energy source for providing a defined electro- 
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magnetic radiation with a radiation field, and at least one of 
the layers absorbing the electromagnetic radiation and berng 
arranged in the radiation field of the energy source, and 
arranging a transparency body in the radiation field of the 
energy source between the energy source and the layer which lies 
in the radiation field of the energy source and absorbs the 
defined electromagnetic radiation, and annealing the multilayer 
body . 



s a 



10 in a particular configuration, the transparency body absorb 

certain quantity of energy and supplies the quantity of energy 
to the layer. This takes place in particular through heat 
conduction and/or heat radiation from the transparency body to 
the layer. 

in a particular configuration, at least one layer is brought 
into contact with a process gas. This takes place before, durxng 
and/or after the annealing. It is possible for not just one 
layer, but the entire multilayer body to be brought into contact 
20 with the process gas. 

in a further configuration, detection of a measurement, which is 
dependent on the annealing, of a physical parameter of the 
multilayer body is carried out during the annealing, in order to 
25 control the uptake of the quantity of energy during the 
annealing and to control the first and second partial quantities 
of the quantity of energy. In a particular configuration, the 
transparency body supplies the quantity of energy the layer by 
heat conduction and/or heat radiation. 
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"in a particular configuration, the process is carried out 
process stage in an in-line process and/or a quasi-in-line 
process comprising at least two process stages. Each of the 
process stages is carried out at a separate location (process 
zone) in particular, the above-described apparatus with the 
container is used to transport the multilayer body from process 
zone to process zone. The process stages may, for example, be 
heating zones or cooling zones, which may be equipped with 
coupling units in order for the vessels to be filled with gas or 
emptied. The process stages may be connected to one another by a 
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surrounding processing chamber. The surrounding enclosure may, 
for example, be a vacuum chamber, an atmospheric pressure 
chamber or a high-pressure chamber. Furthermore, the process 
stages may be provided, at the inlet and outlet, with vacuum or 
5 high-pressure locks for the material being processed. 

« further aspect of the invention provides a multilayer body, 
having a first layer comprising at least one substance selected 
from the group consisting of copper, indium, gallium, sulfur 
10 and/or selenium, and a second layer comprising glass, a lateral 
diameter of the multilayer body being selected from the range 
between 0.3 m and 5 m. The diameter is preferably over 1 . 0 m up 
to 5 m. 

15 in a particular configuration, the multilayer body is produced 
by the process described above. At least one substance in the 
first layer of the multilayer body is selected from the group 
consisting of copper, indium, gallium, sulfur and selenium, and 
a second layer comprising glass is used. The lateral diameter 
20 (dimension) of the multilayer body is selected from the range 
between 0.3 m and 5 m. The layer is, for example,' a 
copper/indium selenide semiconductor layer. 

The multilayer body described is,, for example, a thin-film solar 
25 cell or a thin-film solar module, which comprises a multiplicity 
of individual thin-film solar cells connected in series. The 
glass is preferably soda-lime glass. The corresponding layer 
functions as a substrate layer. A molybdenum layer is applied to 
the substrate layer as an electrode, and a functional layer, 
30 namely a copper/ indium/gallium/sulf o-selenide (CIGSSe) 
semiconductor layer, is applied on top of the molybdenum layer. 
A thickness of the layer body, comprising glass body and 
semiconductor layer, is typically 2 to 4 mm, with a molybdenum 
layer of approx. 0.5pm and a semiconductor layer of approx. 
35 3 urn. The range given for the thickness of the multilayer body 
is not exclusive. The limiting factor is the ability to produce 
a large- substrate which is as planar as possible and therefore 
can be processed using the apparatus described or using the 
process described in order to produce a multilayer body. 
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To summarize, the invention results in the following advantages: 

. A large-area multilayer body with an asymmetric layer 
structure (e.g. multilayer body with a single layer on a 
substrate layer) using a high annealing rate of over 1 C/s is 
possible. 

. The layers of the multilayer body may have a greatly varying 
coefficient of thermal conductivity. 

. Annealing takes place particularly reliably through temporal 
and local resolution of the detection and of the control of a 
measurement of a parameter which is dependent on the 
annealing . 

. Annealing is possible up to almost a softening point of a 
substrate layer. 

. Permanent deformation of the multilayer body is possible when 
annealing at over the softening point of the substrate layer. 

The use of a container allows a defined annealing environment 
with a defined process-gas atmosphere to be created. In 
particular, a toxic and/or corrosive process gas can be used. 

The process can be carried out in an in-line installation with 
a high throughput. 

An apparatus for annealing a multilayer body and a corresponding 
process are presented on the basis of an exemplary embodiment 

f-irrnrps The fiqures are diagrammatic and not 
and the associated figures, ine J-- L y UJ - c 

to scale. 

Figure! shows a cross section through an apparatus for 
annealing- a multilayer body, as seen from the side. 

Figure 2 shows a cross section through an apparatus for 
annealing having a container in which the multilayer 
body is arranged. 
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Figure 3 shows a cross section through an annealing apparatus 
having a container in which the multilayer body and an 
energy transmitter are arranged. 

Figure 4 shows part of a transparency body. 

Figures. 5a and 5b show a device for detecting the measurement of 

a deformation of the multilayer body. 
Figure 6 shows a flowchart representing a process for annealing 

a multilayer body. 
Figure 7 shows an apparatus for annealing a multilayer body, 

which is arranged in a processing chamber. 

Figures 8a and 8b each show an in-line process. 

Figures 9a and 9b show a container with coupling unit in the 
processing mode and in the conveying mode. 

in the exemplary embodiments, a thin-film solar module 1 is 
D being produced. The thin-film solar module has a basic surface 
area of 850 x 600 mm 2 . The thickness of the solar module is 3 mm, 
a 0 5 um thick layer of molybdenum 3 and a 0 . 5 urn thick 
copper/indium/gallium/ sulf o-selenide (CIGSSe) semiconductor 
layer 4 being produced on a substrate layer comprising soda-lxme 
5 glass 2. 

Before the annealing, the multilayer body 1 has the following 
layer structure: soda-lime glass /molybdenum/ 

copper (gallium) /indium/selenium. Soda-lime glass functions as a 
30 substrate layer 2 for the molybdenum layer 3 and. the- -multiple 
layer 4. Gallium is incorporated in the copper layer. A gas 
mixture comprising hydrogen sulfide, helium and hydrogen is used 
as process gas 16. Gaseous selenium or hydrogen selenide is 
formed during the annealing. 

35 According to a first embodiment, the multilayer body is placed 
onto a transparency body 5 made from glass-ceramic (Figure 1) . 
The transparency body has a multiplicity of spacers 6 made from 
the same material as that which forms the transparency body 5 
40 (Figure 4). The transparency body 5 is situated between the 



substrate layer 2 of the thin-film solar module or its starting 
form 1 and an energy source 7. The energy source 7 comprises a 
plurality of arrays of halogen lamps arranged adjacent to one 
another to form a matrix. The matrix supplies a homogeneous 
5 radiation field 8. The transparency body 5 is situated in the 
radiation field 8 of the energy source 7. It absorbs some of the 
electromagnetic radiation 9 from the energy source and transmits 
the quantity of energy absorbed to the substrate layer 2 through 
heat conduction 10. The glass layer 2 is annealed primarily 
10 through the heat conduction 10. 

A second transparency body 12 comprising glass-ceramic is 
arranged between a second energy source 11 and the selenium 
layer (outermost coating of the layer 4). The second energy 
15 source 11 is designed, just like the first energy source 11, as 
a matrix. The second transparency body 12 absorbs some of the 
electromagnetic radiation 13 from the second energy source 11. 
Some of the quantity of energy which is taken up in the process 
is released to the multiple layer 4 in the form of heat 
20 radiation 14. The transparency body 12 also transmits 
electromagnetic radiation 13, so that this radiation impinges on 
the multiple layer 4. The multiple layer 4 lies in the radiation 
field 15 of the energy source 13. The multiple layer 4 is 
annealed primarily through heat radiation 14. 

25 

The multilayer body 1 is arranged in a container 17 in the 
manner described above (Figure 2). The cover 18 and the base 19 
are formed by the transparency bodies 5 and 12. A side wall 20 
of the container 17 consists of carbon fiber-reinforced carbon 
30 (CFC) . 

After the multilayer body has been laid on the baseplate, the 
container is filled with the process gas and closed. The 
annealing then takes place at an annealing rate of 5°C/s, the 
35 energy source 7 and 11 being controlled separately. 

A further exemplary embodiment is distinguished by the fact that 
an energy transmitter 26 is integrated in the box (Figure 3) . 
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The following control circuit is used for the energy source 7: a 
lateral actual temperature profile of the transparency body 5 is- 
rueasured using a pyrometer in the form of an infrared sensor of 
suitable wavelength. The contact with the multilayer body means- 
that the temperature profile of the substrate layer 2 can be 
determined from the temperature profile of the transparency body 
by means of calibration. A control signal, which is used to 
control the radiation output of the energy source 7, is 
determined by a control algorithm via actual and desired values 
of the temperature of the transparency body. 

A control variable for a control circuit for controlling the 
energy source 11 is a transient bending 21 of the substrate 
layer 2. The bending 21 is measured by laser interf erometry on 
the substrate side 22 or layer side 23. Measurement points are 
the substrate center 24 and a corner 25 of the multilayer body. 
During the laser interf erometry, the change in distance caused 
by bending is measured and is used to determine the control 
signal for the associated energy source. 

in a further exemplary embodiment, the control variable for the 
energy source 11 is the temperature of the transparency body 12. 

A further exemplary embodiment is indicated in Figure 7. The 
container 17 has gas openings in the form of a gas inlet 31 and 
a gas outlet 32. These openings have, for example, a closeable 
valve which is closed after the gas exchange has ended. While 
the container 17 containing the multilayer body 1 is being 
conveyed to the next process zone, the valve remains closed. One 
of the process zones is a heating zone. The heating zone 
comprises two arrays of halogen lamps . The annealing apparatus 
is produced as a result of the container (with transparency 
body) being conveyed into the heating zone between the two 
arrays . 

A further exemplary embodiment is likewise indicated in 
Figure 7. In this case, the entire apparatus is in a processing 
chamber 30, which can be evacuated and filled with a specific 
gas . 



Figures 8a and 8b illustrate the principle of an in-line process 
using an in-line installation. In a first embodiment, the entire 
in-line installation is arranged in the processing chamber 30 
(Figure 8a) . The multilayer body 1 in the container 17 is 
5 conveyed 36 from process zone 33 to process zone 34. A different 
process stage is carried out at each of the process zones . In 
process zone 33, the container 17 is filled with the process gas 
and heated. In process zone 34, the container 17 is evacuated 
and cooled. Alternatively, each of the process zones 33 and 34 
10 is arranged in a dedicated, separate process chamber 301 to 304 
(Figure 8b). The in-line installation is divided between a 
plurality of process chambers. The process chambers are provided ■ 
with locks, through which the containers pass into the process 
chambers . 

Fi g UreS 9a and 9b show how an arrangement for annealing or 
processing, including coupling unit, may be designed. Figure 9a 
shows a cross section through the container 17 in processing 

it =, rnvpr 18 in the form of a 

mode. The container 17 has a cover io 

. Hl , The base 19 consists of highly absorbent 

20 transparency body 12 • me Da&e ^ = 

material. In one embodiment , the material is graphite. A side 
wall 20 of the container 17 is a frame of the container 17 made 

from CFC. Gas inlet 31 and gas outlet 32 are integrated in the 

side wall of the container. Self-closing valves 40 are likewise 
25 integrated in the side wall 20. These valves can be used to open 

and close the gas openings 31 and 32 for evacuating the 

container or filling the container with a gas. 

A coupling unit 42 of the container of the process zone 33 is 
30 likewise integrated in the side wall. The coupling unit 42 may, 
for example, be designed as a conical opening. This' opening is 
used to plug-connect the container 17 to a coupling unit 41, 
which is formed inversely with respect to the opening, of the 
process zones. Gas lines 43 are integrated in the coupling units 
35 41 and 42. When the container has in this way been arranged 
with, for example, the process zone 33, by way of example any 
desired process gas can be introduced or discharged during this 
process stage, or the processing vessel can be evacuated and 
purged with inert gas. In the form illustrated, the coupling 
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units 42 of the container 17 and of the process zone 33 are used 
to produce a process-gas atmosphere. 

After the processing or annealing has ended, the coupling unit 
is pulled off and the valves 40 close automatically. Then, in 
conveying mode, the container can be conveyed to the next 
process zone 34. The zone 34 may, for example, be provided with 
a further coupling unit, which, for example, tops up consumed 
processing gas or introduces a new processing gas. 
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